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,QWURGXFWLRQ
7KHOLIHF\FOHFRVWVIRUURDGEDUULHUVDUHVHOGRPFRQVLGHUHGGXULQJWKHLQLWLDOVHOHFWLRQRIEDUULHUW\SHV




RIWHQ GLIILFXOW WR SUHFLVHO\ TXDQWLI\ WKH LQMXU\ ULVNV DVVRFLDWHG ZLWK URDG EDUULHU FROOLVLRQV EHFDXVH
LQIRUPDWLRQUHJDUGLQJFROOLVLRQVWUDIILFFRQGLWLRQDQGURDGEDUULHUW\SHVLVRIWHQXQDYDLODEOH
7KHREMHFWLYHRI WKLVVWXG\ZDV WRTXDQWLI\DQGFRPSDUH WKHUDWHRI LQMXU\DVVRFLDWHGZLWKFROOLVLRQV
ZLWKGLIIHUHQWEDUULHU W\SHV7KLVVWXG\ LVXQLTXH LQ WKDWEDUULHUSHUIRUPDQFHHYDOXDWLRQVZHUHEDVHGRQ
DFWXDOFROOLVLRQGDWDSRVWLPSDFWFROOLVLRQGDWDDQGDQLQMXU\FODVVLILFDWLRQPDGHE\6ZHGLVKKHDOWKFDUH
VHUYLFHV,WVKRZVKRZURDGEDUULHUVDFWXDOO\SHUIRUP
6LQFH WKH VWXG\ LV EDVHGRQ6ZHGLVKGDWD WKH FRQFOXVLRQV FDQEH DSSOLHG WRRWKHU1RUGLF FRXQWULHV
ZKHUHWKHURDGGHVLJQLVVLPLODU+RZHYHUWKHVWXG\¶VPHWKRGRORJ\FDQEHDSSOLHGWRVLPLODUVWXGLHV7KH
UHVXOWV ZLOO EH XVHG LQ DQ RQJRLQJ UHVHDUFK SURMHFW WR HVWLPDWH DFFLGHQW FRVWV DV D SDUW RI WKH VRFLR
HFRQRPLFFRVWVLQDPRGHOIRUFDOFXODWLQJOLIHF\FOHFRVWVIRUURDGEDUULHUV
/LWHUDWXUHUHYLHZ
5RDG EDUULHUV DUH XVHG WR SUHYHQW YHKLFOHV IURP YHHULQJ RII WKH URDGZD\ LQWR RQFRPLQJ WUDIILF
FUDVKLQJ LQWR VROLG URDGVLGH REMHFWV RU IDOOLQJ LQWR UDYLQHV 5RDG EDUULHUV DUH DOVR XVHG WR SURWHFW
SHGHVWULDQV DQG F\FOLVWV IURP WUDIILF DQG WR SURWHFW URDGVLGH REVWDFOHV 5RDG EDUULHUV DUH XVXDOO\
FDWHJRUL]HG DV IOH[LEOH VHPLULJLG RU ULJLG GHSHQGLQJ RQ WKHLU GHIOHFWLRQ FKDUDFWHULVWLFV RQ LPSDFW
$$6+72
,Q JHQHUDO WKH XVH RI URDG EDUULHUV LV D YHU\ HIIHFWLYH ZD\ WR UHGXFH URDG LQMXULHV DQG IDWDOLWLHV
,QVWDOODWLRQRIPHGLDQFDEOHEDUULHUVRQPZLGHURDGVUHGXFHGWKHQXPEHURIIDWDOFUDVKHVE\DOPRVW




'HVSLWH WKH HIIHFWLYHQHVV RI UHGXFLQJ LQMXULHV URDG EDUULHUV WKHPVHOYHV PD\ FDXVH VHYHUH RU IDWDO






ULVN RI SRVWLPSDFW FROOLVLRQV KDV WR EH FRQVLGHUHG 7KRPVRQ  VKRZHG WKDW  RI WKH FDVHV
LQYROYLQJ LPSDFWV ZLWK IOH[LEOH EDUULHUV UHVXOWHG LQ VHYHUH VHFRQGDU\ FROOLVLRQV LH 3RVWLPSDFW
FROOLVLRQV
,PSDFW VSHHG LV DQRWKHU IDFWRU DIIHFWLQJ LPSDFW VHYHULW\ $FFRUGLQJ WR 6LQJHOWRQ HW DO  WKH
LQMXU\ULVNLVSURSRUWLRQDOWRLPSDFWVSHHG,WKDVEHHQVKRZQWKDWDKLJKHUSRVWHGVSHHGLVDVVRFLDWHGZLWK
KLJKHUFUDVKVHYHULW\<GHQLXV
7KHVHYHULW\RIDEDUULHU LPSDFWDOVRGHSHQGVRQ WKH LPSDFWDQJHO%DVHGRQ IXOOVFDOHEDUULHUFUDVK
WHVWVDVWXG\VKRZHGWKDWWKHLPSDFWVHYHULW\LQFUHDVHGZKHQWKHLPSDFWDQJHOLQFUHDVHGIURPWR
<GHQLXV7KHPRVWVLJQLILFDQWLQFUHDVHLQLQMXU\ULVNRFFXUUHGZLWKFRQFUHWHEDUULHUV%DVHGRQWKLV
UHVXOW IOH[LEOH RU VHPLULJLG EDUULHU V\VWHPV VKRZHG SRWHQWLDO IRU UHGXFLQJ LQMXU\ VHYHULW\ ,W LV ZRUWK
QRWLQJWKDW<GHQLXVGLGQRWFRQVLGHUWKHULVNIRUVHYHUHLQMXULHVGXHWRVHFRQGDU\FROOLVLRQV%U\GHQDQG
)RUWXQLHZLF]VKRZHGWKDWRIEDUULHUFROOLVLRQVUHVXOWHGLQVHFRQGDU\FROOLVLRQVFDXVLQJVHYHUH
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6WDQGDUGL]DWLRQ  GRHV QRW JLYH DQ DFFXUDWH UHVXOW 7KRPVRQ 7KRPVRQ  KLJKOLJKWHG D
FRQVHUYDWLYHDSSURDFKWRWKHGHVLJQDQGWHVWHYDOXDWLRQRIURDGEDUULHUV+HVWDWHGWKDWLPSDFWFRQGLWLRQV




DFWXDO URDG EDUULHU FROOLVLRQV IRU WKH SHULRG   LQ 6ZHGHQ 7KHUH ZHUH VHYHUDO UHDVRQV IRU
FKRRVLQJWKDWVSHFLILFSHULRG2QHUHDVRQZDVWKDWEHIRUHWKHUHZHUHRQO\DOLPLWHGQXPEHURIFDEOH
EDUULHUV LQ 6ZHGHQ$QRWKHU UHDVRQZDV WR DYRLG ERWK WKH LPSDFW RI URDG UHFRQVWUXFWLRQVPDGH EHIRUH
DQGVHYHUDOFKDQJHVLQSRVWHGVSHHGOLPLWVLPSOHPHQWHGRQWKHVWXGLHGURDGVDIWHU
7KH EHVW ZD\ WR FRPSDUH URDG EDUULHU SHUIRUPDQFH LV WR XVH GRFXPHQWHG EDUULHU FROOLVLRQ GDWD WR
FDOFXODWH FROOLVLRQ UDWHV DV GHVFULEHG LQ 1&+53 5HSRUW  5D\ HW DO  &ROOLVLRQ UDWHV DUH
FDOFXODWHGE\GHWHUPLQLQJWKHQXPEHURIFROOLVLRQVLQDSDUWLFXODUFDWHJRU\DQGGLYLGLQJLWE\WKHWUDIILF
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WKH OHQJWKVRIPHGLDQEDUULHUVZHUH OLPLWHGDQGUHFRUGVIRU URDGVLGHEDUULHUVZHUHXQDYDLODEOH)RU WKLV
UHDVRQWKHOHQJWKVRIEDUULHUVDORQJWKHVWXGLHGURDGVZHUHPHDVXUHGRQVLWH$YHKLFOHPRXQWHGGLJLWDO




LQIRUPDWLRQ DERXW 6ZHGLVK URDGV ,Q WKLV DSSOLFDWLRQ WKH 6ZHGLVK URDG QHWZRUN LV FDWHJRUL]HG LQWR
KRPRJHQHRXV VHFWLRQV )RU HDFK VHFWLRQ WKH WUDIILF YROXPH LV PHDVXUHG UHJXODUO\ XVLQJ WHPSRUDU\ RU
SHUPDQHQWWUDIILFPHDVXULQJVWDWLRQV$$'7DORQJWKHKLJKZD\VLQ6ZHGHQLVPHDVXUHGHYHU\IRXUWK\HDU



























:EHDP           
&DEOH             
&RQFUHWH          
3LS H             
3RVWHGVS HHGOLPLWVNPKU








7UDIILF $FFLGHQW 'DWD $FTXLVLWLRQ 675$'$ ZKLFK LV D FRRUGLQDWHG QDWLRQDO UHJLVWUDWLRQ RI WUDIILF
DFFLGHQWV DQG WUDIILF LQMXULHV UXQ E\ WKH SROLFH DQG WKH KHDOWK FDUH DXWKRULWLHV 7KH SROLFH DQG WKH
KHDOWKFDUH VHUYLFHV LQYROYHGFROOHFWGDWD UHJDUGLQJ WKHDFFLGHQWDQG LQMXUHGSHUVRQVDW WKHDFFLGHQW VLWH
DQGLQWKHHPHUJHQF\URRPXVLQJGLIIHUHQWTXHVWLRQQDLUHV7KHGDWDFROOHFWHGE\WKHSROLFHLQFOXGHVKRZ
ZKHQDQGZKHUH WKHDFFLGHQW WRRNSODFH WUDIILFHQYLURQPHQWSRVWHG VSHHG OLPLW FLUFXPVWDQFHVRI WKH
DFFLGHQW OLJKWDQG URDGVXUIDFHFRQGLWLRQVSDVVLYH VDIHW\ V\VWHPVXVHGDQG IDFWV UHJDUGLQJ WKH LQMXUHG
SHUVRQV$MXGJPHQWRILQMXU\VHYHULW\LVDOVRPDGHE\WKHSROLFHRQVLWH7KHSROLFHFODVVLI\WKHLQMXULHV





2QO\ WKHKLJKHVW$,6 VFRUH LQHDFKERG\ UHJLRQ LVXVHG7KH WKUHHPRVW VHYHUHO\ LQMXUHGERG\ UHJLRQV
KDYHWKHLUVFRUHVTXDUHGDQGDGGHGWRJHWKHUWRSURGXFHWKH,66VFRUH+HDOWKFDUHVHUYLFHVFODVVLI\LQMXULHV
DVVRFLDWHGZLWKWUDIILFDFFLGHQWVLQILYH,66LQWHUYDOVXQKXUWPLOGLQMXU\PRGHUDWHLQMXU\
 VHYHUH LQMXU\ DQG  YHU\ VHYHUH RU IDWDO LQMXU\ ,Q WKLV VWXG\ HDFK FROOLVLRQ ZDV FDUHIXOO\
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7UDIILF VDIHW\ DQDO\VHV LQ 6ZHGHQ DUH RIWHQ EDVHG RQ DFFLGHQWV UHSRUWHG E\ WKH SROLFH EHFDXVH WKH
QXPEHURI DFFLGHQWV UHSRUWHGE\KHDOWKFDUH VHUYLFHV LV OLPLWHGGXH WR OLPLWHGQXPEHURI WKHKHDOWKFDUH




PLQLPL]H WKH SRVVLEOH HIIHFW RI WKLVPLVVFODVVLILFDWLRQ RQ WKLV VWXG\ WKH LQMXU\ FODVVLILFDWLRQPDGH E\
KHDOWKFDUH VHUYLFHV ZDV XVHG DV D EDVLV IRU DQDO\VHV )XUWKHUPRUH WKH QXPEHU RI LQMXULHV LQ GLIIHUHQW
FDWHJRULHVUHSRUWHGRQO\E\WKHSROLFHZDVFRQYHUWHGWRWKHQXPEHURILQMXULHVLQ,66LQWHUYDOVXVLQJWKH
SHUFHQWDJHVRIREVHUYHGGLIIHUHQFHVIRULQMXULHVUHSRUWHGE\ERWKSDUWLHV7KHQXPEHURILQMXULHVIRUHDFK























7KH VSHHG OLPLW FDQEH FRQVLGHUHG DV D SUR[\ IRU WKH FLUFXPVWDQFHV WKDW GHWHUPLQH WKHJHQHUDO URDG
VDIHW\VWDQGDUGHJWUDIILFYROXPHURDGDOLJQPHQWHWF7KDWLVWKHUHDVRQIRULQFOXGLQJVSHHGOLPLWLQWKH
HTXDWLRQ RWKHUZLVH WKH LQMXU\ UDWLRV IRU WKH GLIIHUHQW EDUULHU W\SHVPLJKW FRQWUDGLFW WKH FLUFXPVWDQFHV
GHWHUPLQLQJWKHVSHHGOLPLW
7KHDVVXPSWLRQWKDWWKHQXPEHURILQMXULHVKDVD3RLVVRQGLVWULEXWLRQPLJKWQRWEHIXOO\YDOLG6HYHUDO
LQMXULHVPLJKWRFFXU LQ WKHVDPHDFFLGHQWDQGZLOO WKHUHIRUHQRWEHVWDWLVWLFDOO\ LQGHSHQGHQWZKLFK LVD
YLRODWLRQRIWKH3RLVVRQDVVXPSWLRQ,QWKDWFDVHWKHGDWDZLOOEHRYHUGLVSHUVHG:KHQRYHUGLVSHUVLRQV
ZHUHGHWHFWHGXVLQJ WKHGHYLDQFHDGMXVWPHQWVDFFRUGLQJ WR WKH4XDVLOLNHOLKRRGPHWKRGZHUHPDGHDV
VXJJHVWHGE\0F&XOODJKDQG1HOGHU$FFRUGLQJWRWKDWPHWKRGWKHOLNHOLKRRGUDWLRWHVWVWDWLVWLFV
LVGLYLGHGE\WKHUDWLRRIWKHGHYLDQFHDQGWKHGHJUHHVRIIUHHGRP7KHQWKHSYDOXHZLOOEHKLJKHUWKDQ
ZLWKRXW WKH DGMXVWPHQW$OVR WKH QXPEHU RI LQMXULHV IRU HDFK GDWD EHFRPHV ODUJHU UHVXOWLQJ LQ DPRUH
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VHYHULW\ LV VKRZQ E\ WKH ,66OHYHO 7KHQ LW ZDV UHDVRQDEOH WR DQDO\]H GDWD LQ D VLPLODU ZD\ LH WKH
QXPEHURILQMXULHVDERYHDFHUWDLQ,66OHYHO
,Q 675$'$  EDUULHU FROOLVLRQV LQYROYLQJ  SHUVRQV ZHUH IRXQG DORQJ WKH VWXGLHG URDGV
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JLYHQ LQ 7DEOH  /DWHU WKH QXPEHU RI LQMXULHV XQGHU WKH VDPH ,66LQWHUYDOV LQ 7DEOHV  DQG  ZHUH
VXPPDUL]HGDVVKRZQLQ7DEOH






1RLQMXULHV  0LOGLQMXUHG  6HYHUHLQMXUHG )DWDOLQMXUHG  6XP
,QMXULHV   ,QMXULHV   ,QMXULHV   ,QMXULHV   ,QMXULHV 
              
              
              
              
              














:EHDP    
&DEOH    
&RQFUHWH    
3LSH    









    
:EHDPD     
&DEOH     
&RQFUHWH     
3LSH     







    
:EHDP     
&DEOH     
&RQFUHWH     
3LSH     





,66 WKH 3RVWKRF DQDO\VLV VKRZV WKDW FDEOH EDUULHUV DW D 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   
3RVWHGVSHHGOLPLWVNPKU
  ±      
        
        
  ±      
D7KHLQMXU\UDWHVDUHSUHVHQWHGLQQXPEHURILQMXULHVSHUPLOOLRQYHKLFOHNLORPHWUH
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)RU LQMXULHVZLWK,66t WKHGLIIHUHQFHV LQ LQMXU\UDWHVEHWZHHQEDUULHU W\SHVZHUHDOVRVWDWLVWLFDOO\
VLJQLILFDQW S  7DEOH  ,Q WKLV FDVH WKH JRRGQHVV RI ILW UDWLR ZDV  DQG WKHUHIRUH RYHU
GLVSHUVLRQZDVQRWDVVXPHG)RULQMXULHVZLWK,66tWKHSRVWKRFDQDO\VLVVKRZVWKDWFRQFUHWHEDUULHUV
DWFRQILGHQFHLQWHUYDOKDYHDORZHULQMXU\UDWHWKDQWKHRWKHUEDUULHUW\SHV)RULQMXULHVZLWK
,66t WKHGLIIHUHQFHV LQ LQMXU\UDWHVEHWZHHQGLIIHUHQWSRVWHGVSHHG OLPLWVZHUHDOVRVLJQLILFDQW S 
 7KH KLJKHVW LQMXU\ UDWH ZDV LQGLFDWHG RQ  NPKU URDGV )RU WKH LQMXULHV ZLWK ,66 t  WKH
VWDWLVWLFDO DQDO\VLV IRU WKH GLIIHUHQFHV LQ LQMXU\ UDWHV EHWZHHQ EDUULHU W\SHV DQG VSHHG OLPLWV ZHUH QRW






DVVRFLDWHGZLWK SLSH DQGZEHDP EDUULHU FROOLVLRQV UHVSHFWLYHO\ 7KH ORZHVW LQMXU\ UDWH ZDV REVHUYHG
ZLWKFRQFUHWHEDUULHUVFROOLVLRQ$VDQH[SODQDWLRQIRUWKHKLJKUDWHRILQMXULHVGXHWRFROOLVLRQZLWKSLSH
EDUULHUVLWLVZRUWKQRWLQJWKDWRIWKHSLSHEDUULHUFROOLVLRQVSUHVHQWHGLQWKLVVWXG\ZHUHFROOLVLRQV
ZLWK SLSH EDUULHUV LQVWDOOHG DORQJ KLJKZD\ EULGJHV LQ XUEDQ UHJLRQV ZLWK KLJK WUDIILF GHQVLW\ VHYHUDO





7KH ORZHU SLSHEHDP RIWHQ IDOOV WR WKH JURXQG GXULQJ WKH LPSDFW /HQQDUW :DKOXQG SHUVRQDO
FRPPXQLFDWLRQ2FW7KHVHIDFWVPLJKWWRVRPHH[WHQWH[SODLQWKHKLJKLQMXU\UDWHDVVRFLDWHG
ZLWK SLSH EDUULHU FROOLVLRQV 7R ILQGPRUH H[SODQDWLRQV IRU WKH GLIIHUHQFHV LQ LQMXU\ UDWHV EHWZHHQ WKH


















































:EHDP           
&DEOH           
&RQFUHWH           




IDFW WKDWPHGLDQ FDEOHEDUULHUV LQ6ZHGHQ DUHRIWHQSODFHG DW WKH FHQWUHRI WKH URDGPHGLDQ:LWK WKLV
SODFHPHQW EDUULHU FROOLVLRQV ZLOO RFFXU ZLWK ODUJH LPSDFW DQJOHV DQG FRQVHTXHQWO\ ODUJH H[LW DQJOHV








HYHQWV IRFXVHG RQ EDUULHU FROOLVLRQVZKHUH WKH YHKLFOH LQYROYHG FURVVHG RYHUPRUH WKDQ RQH ODQH DIWHU
EHLQJUHGLUHFWHGEDFN LQWR WUDIILF7KLV LVEHFDXVH WKH ORQJHU WKH ODWHUDOGLVWDQFH WKHKLJKHU WKHULVNIRU
RWKHUSRVWLPSDFWHYHQWV
7DEOHVKRZVWKDWWKHUDWHRIEDUULHUFROOLVLRQVZKHUHWKHYHKLFOHVDIWHULPSDFWFURVVHGPRUHWKDQRQH
ODQHZDVKLJKHVWRQURDGVZLWKFDEOHDQGSLSHEDUULHUV7KLV LQGLFDWHV WKDW WKHYHKLFOH WUDYHOOHGD ORQJ
ODWHUDO GLVWDQFH DIWHU LPSDFWZLWK FDEOH RU SLSH EDUULHUV7KLV FRQWULEXWHV WR DQ LQFUHDVHG ULVN IRU SRVW
LPSDFW FROOLVLRQV$ FRPELQDWLRQRI WKH FDEOHEDUULHU¶V IOH[LELOLW\ DQGPHFKDQLFDO SURSHUWLHV DVZHOO DV
GULYHUEHKDYLRUPLJKWEHDQH[SODQDWLRQIRUORQJODWHUDOWUDYHOGLVWDQFHV8QOLNHRWKHUEDUULHUW\SHVFDEOH
EDUULHUVJHQHUDOO\LPSRVHORZLPSDFWIRUFHVRQYHKLFOHVEHFDXVHWKHLPSDFWHQHUJ\LVGLVVLSDWHGE\EDUULHU
GHIOHFWLRQ $$6+72 ,W LV WKHUHIRUH SRVVLEOH WKDW WKH VWHHULQJ V\VWHPV RIWHQ UHPDLQ XQGDPDJHG
DIWHUDFDEOHEDUULHUFROOLVLRQ7KLVDOORZVWKHGULYHUWRLQVWLQFWLYHO\UHGLUHFWWKHYHKLFOHEDFNLQWRWUDIILF
DIWHUWKHLPSDFW&DEOHHODVWLFLW\FRXOGLPSRVHDQDGGLWLRQDOIRUFHSURSHOOLQJWKHYHKLFOHEDFNLQWRWUDIILF
&RQVHTXHQWO\ WKH ULVN RI SRVWLPSDFW FROOLVLRQV DQG SRVWLPSDFW UROORYHUV ZLOO LQFUHDVH ,Q FROOLVLRQV





7KH FROOLVLRQ UDWH IRU YHKLFOHV HQGLQJ XS LQ WKHRSSRVLWH WUDIILF ODQHV GXH WRRYHUXQGHUULGHVZDV
KLJKHVW IRUFDEOHEDUULHUV 7DEOH7KLVKLJKUDWHRIRYHUXQGHUULGHVFRXOGEHDQH[SODQDWLRQIRU WKH
KLJKLQMXU\UDWHREVHUYHGRQURDGVHTXLSSHGZLWKFDEOHEDUULHUV2QHH[SODQDWLRQIRUWKHKLJKUDWHRIRYHU
XQGHUULGHVREVHUYHGRQURDGVHTXLSSHGZLWKFDEOHEDUULHUVFRXOGEHWKHSODFHPHQWRIFDEOHEDUULHUV$V
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PHQWLRQHGEHIRUHFDEOHEDUULHUVLQ6ZHGHQDUHSODFHGDWWKHFHQWUHRIWKHURDGPHGLDQZKLOHZEHDPDQG
FRQFUHWHEDUULHUVDUHSODFHGFORVH WR WKHHGJH OLQHRI WKHFDUULDJHZD\&RQVHTXHQWO\ WKH LPSDFWDQJOHV
ZLOO EH ODUJHU RQ URDGV HTXLSSHGZLWK FDEOHEDUULHU WKDQRQ URDGV HTXLSSHGZLWKZEHDPDQG FRQFUHWH
EDUULHUV$ FRPELQDWLRQ RI KLJK VSHHG DQG ODUJH LPSDFW DQJOHPLJKW LQFUHDVH WKH ULVN IRU RYHUXQGHU
ULGHV$FFRUGLQJWR0DU]RXJXLDQG0F*LQQLVSODFHPHQWRIEDUULHUVDWWKHURDGPHGLDQFHQWUHRU
FORVH WR LW LQFUHDVHV WKHULVNIRURYHUXQGHUULGHV$QRWKHUGLVDGYDQWDJHRI WKHSODFHPHQWRIEDUULHUVDW







7KH KLJKHVW UDWH RI SRVWLPSDFW UROORYHUV RFFXUUHG LQ FROOLVLRQVZLWK FDEOH EDUULHUV 7DEOH  7KLV






LV LQ FRQWUDVW D VWXGLHV SUHVHQWHG E\ 6LQJHOWRQ HW DO  ZKLFK VKRZHG WKDW WKH LQMXU\ ULVN ZDV
SURSRUWLRQDO WR LPSDFW VSHHG 7R H[SODLQ WKLV GLYHUJHQFH LW LV ZRUWK QRWLQJ WKDW WKH URDGV ZLWK VSHHG
OLPLWV RI  DQG  NPKU LQYHVWLJDWHG LQ WKLV VWXG\ZHUHPDLQO\ UXUDO URDGV ZLWK KLJK JHRPHWULFDO
VWDQGDUGVXFKDVVPRRWKDOLJQPHQWDQGJRRGYLVLELOLW\:KHUHDVURDGVZLWKSRVWHGVSHHGOLPLWVRI
DQG  NPKU ZHUH PDLQO\ XUEDQ URDGV ZLWK KLJK WUDIILF GHQVLW\ VHYHUDO FRQQHFWLQJ URDGV DQG
FRQVHTXHQWO\DKLJKHUEDUULHUFROOLVLRQULVNDV.DULPHWDO VKRZHG7KHHIIHFWRISRVWHGVSHHG





7KLV GLYHUJHQFH FRXOG EH GXH WR WKH XVH RI LQMXU\ FODVVLILFDWLRQVPDGH E\ KHDOWKFDUH VHUYLFHV DQG WKH
FRQVLGHUDWLRQRILQMXULHVDVVRFLDWHGZLWKSRVWLPSDFWHYHQWVLQWKHSUHVHQWVWXG\
7KHHIIHFWRIQRQUHSRUWHGWUDIILFDFFLGHQWVRQWKHDFFXUDF\RIWUDIILFVDIHW\DQDO\VHVLVDZHOONQRZQ
LVVXH (OYLNDQG0\VHQ$PRURVHW DO$FRPSDULVRQEHWZHHQ UHVXOWVRI WKHSUHVHQW VWXG\
DQGUHVXOWVRIDVWXG\RIEDUULHUUHSDLUVRQWKHVWXGLHGURDGVGXULQJ.DULPHWDOVKRZHGWKDW
WKHQXPEHURIUHSRUWHGEDUULHUFROOLVLRQVLQ675$'$ZDVRQO\RIWKHQXPEHURIUHSRUWHGEDUULHU
UHSDLUV GHSHQGLQJ RQ WKH JHRJUDSKLFDO UHJLRQ 7KH UDWH RI UHSRUWLQJ LV XVXDOO\ KLJKHVW IRU DFFLGHQWV




LQVLJQLILFDQW EDVLV IRU VWDWLVWLFDO DQDO\VHV&ROOLVLRQVZLWKPRUH WKDQRQHEDUULHU W\SHZHUH H[FOXGHG LQ
WKLVVWXG\DVLWZDVKDUGWRFRQFOXGHZKLFKEDUULHUW\SHFRQWULEXWHGWRWKHLQMXULHV
















,Q RUGHU WR UHHYDOXDWH WKH 6ZHGLVK JXLGHOLQHV IRU SODFHPHQW RI WKH PHGLDQ EDUULHUV 65$ LV
UHFRPPHQGHGWRLQYHVWLJDWHWKHKLJKUDWHRIRYHUXQGHUULGHVDQGUROORYHUVGXHWRFROOLVLRQVZLWKFDEOH




7KH VWXG\ SUHVHQWHG LQ WKLV SDSHU LV SDUW RI D GRFWRUDO SURMHFW ³5RDG GHVLJQ IRU ORZHUPDLQWHQDQFH
FRVWV´DWWKH5R\DO,QVWLWXWHRI7HFKQRORJ\.7+LQ6ZHGHQ$PDMRUSDUWRIWKHVWXG\LVFRQGXFWHGDW
'DODUQD 8QLYHUVLW\ )LQDQFLDO VXSSRUW SURYLGHG E\ WKH 6ZHGLVK 7UDQVSRUW $GPLQLVWUDWLRQ LV
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,QVXUDQFH,QVWLWXWHIRU+LJKZD\6DIHW\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)DWDOLW\IDFWVURDGVLGHKD]DUGV,,+6$UOLQJWRQ86$
KWWSZZZLLKVRUJUHVHDUFKIDWDOLW\BIDFWVBURDGVLGHKD]DUGVKWPO$FFHVVHG0DUFK
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.DULP+,PSURYHGURDGGHVLJQIRUIXWXUHPDLQWHQDQFHDQDO\VLVRIURDGEDUULHUUHSDLUFRVWV/LFHQWLDWHWKHVLV5R\DO
,QVWLWXWHRI7HFKQRORJ\6WRFNKROP6ZHGHQ

.DULP+$ODP00DJQXVVRQ55RDGEDUULHUUHSDLUFRVWVDQGLQIOXHQFLQJIDFWRUV7KH-RXUQDORI7UDQVSRUWDWLRQ
(QJLQHHULQJLQSUHVV

.DULP+0DJQXVVRQ55RDGGHVLJQIRUIXWXUHPDLQWHQDQFHSUREOHPVDQGSRVVLELOLWLHV7KH-RXUQDORI7UDQVSRUWDWLRQ
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SS

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
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3URFHHGLQJVRIWKH7UDIILF6DIHW\RQ7ZR
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